A variant of a yeast strain identified as Candidufamata isolated from gold mine effluent was able to grow on acetonitrile, acrylonitriie, butyronitrile, isobutyronitrile, methacrylnitrile, propionitrile, succinonitrile, valeronitrile, a&amide, isobutyamide, and succinamide as sole nitrogen source, after acclimatization. The yeast grew on acetonitrile and acetamide at concentrations up to 4%. The utilisation of acetonitrile and acetamide by the C. famata strain probably involves hydrolysis in a two-step reaction mediated by both inducible and intracellular nitrile hydratase and amidase.
Introduction
Microorganisms can degrade and thereby detoxify a wide variety of organic nitriles and inorganic cyanides [l] . Nitrile compounds and their derivatives are extensively used in many industrial operations. These compounds are cyanide-substituted carboxylic acids which have the structure R-CN and are produced naturally and synthetically [2] . The naturally occurring nitriles are found in higher plants, bone oils, insects, and microorganisms.
Synthetic nitrile compounds are used industrially in benzonitrile herbicides and as precursors for the synthesis of polyacrylonitrile plastics, and are widely used as organic solvents. Most nitriles are highly toxic, and some are mutagenic, carcinogenic and teratogenic [3] . Therefore, the indiscriminate use of these compounds may lead to environmental problems [4] . The microbial metabolism of nitriles proceeds through two different pathways. Nitrilase (EC 3.5.5.1) participates in the direct conversion of nitriles to their carboxylic acids and ammonia [5, 6] . A second pathway involves a nitrile hydratase (EC 4.2.1.84) that mediates the conversion of nitriles to their amides and an amidase (EC 3.5.1.4) that converts the amides to their corresponding carboxylic acids and ammonia [7] . The enzymatic hydrolysis of nitriles by a wide variety of both Gram-positive and Gram-negative bacteria has been well documented. Some filamentous fungi, mainly representatives of the genera Fusarium, Aspergillus, Penicillium and Myrothecium, have been reported to be able to degrade nitriles [8] . With respect to yeasts, however, such studies appear to be limited to two publications. Fukuda et al. [9] reported a strain identified as Torulopsis candida (synonym: Candida ,firmata) able to utilise oL-a-hydroxynitrile compounds as the sole source of nitrogen. Van der Walt et al. [S] examined nine ascomycetous yeast strains belonging to the species of Candida ,fbhianii, C. guilliermondii, C. tropicalis, Dehary0m.yce.s hansenii, Saccharomyces cerevisiae and Williopsis saturnus for their ability to utilise the series of aliphatic mono-and dinitriles as well as their corresponding amides as the sole source of nitrogen. Although only a limited number of species have been examined, these authors suggest that the ability to hydrolyse aliphatic nitriles is not uncommon among ascomycetes. The present study describes the ability of a C. jbmata strain isolated from gold extraction circuit liquids to utilise low-molecular-mass organic nitriles and amides as the sole source of nitrogen.
Materials and methods

I. Organism and culture conditions
The yeast strain was isolated from gold extraction circuit liquid containing 350 mg/l sodium cyanide, pH 10.5, by plating on yeast nitrogen base (Difco) Bauer. These compounds were tested as the sole source of nitrogen for the yeast. The C. ,fbmata strain was acclimatized by culturing in a 250-ml conical flask containing 20 ml of yeast carbon base (Difco) with acetonitrile concentrations increasing from 0.1 to 1%. Serial transfers of 0.5 ml aliquots of a 72 h yeast culture (Ads,) = 0.155) were used as inoculum. Cultures were incubated at 28°C on a gyratory shaker at 250 rpm for 72 h. Isobutyronitrile. methacrylnitrile, propionitrile, succinonitrile, valeronitrile, acetamide and isobutyamide were used at concentrations of 1X, butyronitrile and succinamide at 0.7X, acrylonitrile at 0.2% and benzonitrile at 0.025%. Yeast carbon base (YCB) without nitrogen source and with 1% ammonium sulfate were used as control. In all experiments, a C. famata culture grown in the presence of 1% acetonitrile for 48 h was used as inoculum (0.5 ml, Ad8,, = 0.155). In each experiment, the growth was estimated by measuring the optical density at 480 nm, and the ammo- nia concentration in the supernatant was measured calorimetrically according to the method of Fawcett and Scott [12] . Acclimatized C. ~UWUZ~U was tested for stability of their ability to degrade acetonitrile by subculturing on Sabouraud-dextrose agar slants 10 times at 48-h intervals. Growth on 1% acetonitrile was then determined using 0.5 ml of yeast suspension (A4s0 = 0.155) in sterile distilled water as inoculum.
Enzymatic assay
After growth of the microorganism on acetonitrile at the concentration of 1% as described above, the cells were centrifuged to obtain both supernatant and cell mass. The supernatant, washed (intact) cells, and cell-free extract served as the crude enzyme source. The supematant was assayed at 30°C for a maximum of 60 min in tubes containing 1.0 ml of acetonitrile or acetamide at a concentration of 2% in 25 mM sodium phosphate buffer, pH 7.0, and 1.0 ml of supematant.
Enzymatic activity was assayed by measuring the production of ammonia [12] . Before this experiment, the presence of ammonia was measured in the supematant, as a control. Alternatively, the centrifuged cells were washed twice in 25 mM phosphate buffer, pH 7.0, and then resuspended in 20 ml of the same buffer. For the enzymatic assay, 1.0 ml of resuspended washed (intact) cells (Aas0 = 1.5) was added to 1 .O ml of 2% acetonitrile or acetamide in 25 mM sodium phosphate buffer, pH 7.0 at 3O"C, for a maximum of 60 min. The yeast cells were removed by centrifugation and ammonia was measured calorimetrically [12] . For the standard assay of the cell-free extract, 300 mg of cells (wet weight) in 2.0 ml sodium phosphate buffer were disrupted in a vortex mixer with glass beads (0.25-0.30 mm diameter) for 3 cycles of agitation (1 min per cycle) interspersed with cycles of cooling on ice. The pooled suspension from this treatment was centrifuged and 0.1 ml of clear cellfree extract was added to 0.9 ml acetonitrile or acetamide at a final concentration of 2% in 25 mM so- Letters 144 (1996) 67-71 dium phosphate buffer, pH 7.0, at 3O"C, for a period of 60 min, following which ammonia was measured [12] and expressed in pmol ammonia per min, at 3O"C, pH 7.0. Production of ammonia of washed (intact) cells and cell-free extract from yeast cells growing on yeast carbon base with 0.1% ammonium sulfate was also investigated.
Results and discussion
During acclimatization of C. Jhmatu on increasing concentrations of acetonitrile, a variant was selected for the ability to grow on high nitrile concentrations compared to the original strain isolated from gold mine effluent. The two strains were physiologically identical and assimilated galactose, maltose, sucrose, trehalose, melibiose, raffinose, melizitose, o-xylose, Larabinose, glycerol, ribitol, galactiol, o-mannitol, D- glucitol and succinate as the sole carbon source. The strains did not grow on L-sorbose, lactose, inulin. soluble starch, D-arabinose, L-rhamnose, erythritol, salicin, oL-lactate, myo-inositol or methanol. The strains fermented glucose slowly, and grew at 37°C. They did not utilise nitrate as the sole nitrogen source. The variant strain of C. jizmata was able to grow on 1% acetonitrile after subculturing repeatedly on Sabouraud-dextrose agar slants, showing that the capacity to utilise increasing acetonitrile concentrations was genetically stable and this variant was used in all the experiments. Table 1 shows the effect of various nitrites and amides on the yeast growth. The best growth was observed when 1% acetonitrile was used as the sole source of nitrogen followed by growth on acetamide, propionitrile, succinonitrile, valeronitrile, methacrylnitrile, isobutyronitrile.
isobutyamide. The yeast grew on butyronitrile and succinamide at 0.7 and 0.2% acrylonitrile.
The C. fumuta strain failed to utilise benzonitrile.
In contrast. a few microorganisms metabolise benzonitrile, an active ingredient of some widely used herbicides. Strains of Rhodococcus rhodochrous [ 131, Fusarium solani [ 141 and Arthrohacter sp. strain Jl [15] which metabolize aliphatic nitriles have also been found to utilise benzonitrile as a growth substrate. Measurable amounts of ammonia were detected in the supernatant in the experiments with aliphatic nitriles and amides but it was not detected when acrylonitrile, isobutyronitrile, isobutyamide and succinamide were used as nitrogen sources. The Torulopsis candidu (C. ,fumuta) isolated by Fukuda et al. [9] was able to grow on media containing acetonitrile, propionitrile, butyronitrile, hydroxyisovaleronitrile and hydroxyisocapronitrile at a concentration of 0.1%. Growth on media containing amides was not investigated in their study.
Growth of the yeast on increasing concentrations of acetonitrile and acetamide is presented in Table 2 , which shows that the best growth was achieved on concentrations of 2 and 2.5% for acetonitrile and 1% for acetamide. At higher concentrations of both substrates, the growth started to decrease. The highest concentrations of ammonia corresponded to the highest growth reached by the yeast. With respect to pH, the highest values obtained did not correspond to the highest concentrations of ammonia in the supernatant. In contrast, for acetamide the highest pH values were related to the highest concentrations of ammonia. The growth of the C. fumuta strain on 1% acetonitrile and acetamide is illustrated in Fig. 1 . The end of the exponential phase was reached after 72 h of incubation on acetonitrile and acetamide. Fast growth was observed when acetonitrile was used as substrate. Ammonia began to be detected in the culture after 12 h for acetamide and 24 h for acetonitrile, and the pH rose from 5.5 to 8.5 and 7.1 for acetonitrile and acetamide, respectively. The utilisation of acetonitrile and its corresponding amide as nitrogen sources by the C. famatu strain suggests that the hydrolysis of nitriles might be effected in a two-step reaction mediated by nitrile hydratase and subsequent hydrolysis of the resulting amides by amidase [2%7] . Microorganisms that use a nitrile hydratase and an amidase to metabolise nitriles rarely degrade aromatic nitriles or their amides [13] , and the ability to utilise benzonitrile was not observed in the C. famata strain. This result strengthens our suggestion that the yeast utilises nitriles by a two-step degradation pathway. The production of ammonia was not observed when the supernatant was used as source of extracellular crude enzymes. It was observed that the cell mass of C. fumata contains intracellular enzymes that catalyse the production of ammonia from acetonitrile or acetamide (Table 3 ) and enzymatic activity was not observed when washed (intact) cells growing on acetonitrile were replaced with washed (intact) cells growing on ammonium sulfate. This result suggests that both enzymes, nitrile hydratase and amidase, are inductive.
The C. fumata strain yields nitrile-converting enzymes which are expected to have great potential as catalysts in organic chemical processing because they can be used to convert nitriles to a corresponding higher-value amide or acid [16] . Furthermore, the yeast may be useful for the detoxification or bioremediation of sites contaminated with synthetic nitriles. Purification of the nitrilase hydratase and the amidase is currently under way in our laboratory.
